This paper considers the relationship between innovation, ownership and profitability for a panel of manufacturing plants in Ireland and Northern Ireland. Previous literature suggests that innovators are persistently more profitable than noninnovators, but little is known about how this link is moderated by external versus domestic ownership. We consider the link between innovation and profits separately for innovators and non-innovators, and for indigenous innovators and non-innovators and externally-owned plants. We also consider the determinants of innovation over the distribution of plant-level profitability, and find that the determinants of profitability -including innovation and external ownership -vary over the distribution from low to high profitability plants. We find support for the view that innovators and non-innovators have different profitability determinants, and that the profitability of externally-owned plants depends on very different factors to that of indigenously-owned enterprises.
Introduction
Research on the link between (product) innovation and profitability at the firm or establishment level suggests that innovators are persistently more profitable than noninnovators (Geroski et al., 1993; Leiponen, 2000; Cefis and Ciccarelli, 2005) . This may arise because innovators, due perhaps to their market position, are able to protect their new products from the competition which normally erodes such profits, or because innovating firms are able to introduce multiple innovations over time, and are therefore able to maintain high profits although the profit effect of any individual innovation may be transitory. The empirical evidence here is mixed. Both Geroski et al. (1993) and Leiponen (2000) , for instance, conclude that the profitability effects of individual innovations are relatively transitory, and that innovators are persistently more profitable than non-innovators because they have superior internal capabilities.
By contrast, in an analysis of the US pharmaceutical industry, Roberts (1999) finds evidence of a 'conveyor belt' of new products, each of which provides only a temporary monopoly position, but which collectively result in persistently high profits among innovating firms.
In the case of economies such as Ireland where a significant element of productive capacity is externally-owned, however, making general inferences about the relationship between innovation and profitability is complicated by two issues. First, foreign-owned enterprises tend to be more productive (and by implication more profitable) than their indigenous counterparts (Stone and Peck, 1996; Griffith et al., 2004) , largely because they are more technologically advanced (Oulton 2001) 1 . So, 1 Birnie and Hitchens (1998) , for example, comparing Census of Production data from Ireland and the UK, suggest that in 1989: manufacturing productivity in externally-owned firms in Ireland was 69 per cent above that of externally-owned firms in the UK, while indigenously-owned firms in Ireland lagged 8 per cent behind indigenously-owned firms in the UK; the productivity differential between externally-owned and indigenously owned firms in Ireland was 178 per cent compared to 52 per cent in the UK. Similarly, Cassidy (2004) in his recent review of Irish productivity growth concludes that: 'Ireland's superior productivity performance in manufacturing has been largely a consequence of two factors, namely higher productivity growth in the high-technology sectors than the European average and also a greater degree of specialisation in these sectors ' (p.93). there may be differences between the profitability of indigenous and foreign plants regardless of their product innovation performance. Secondly there is evidence of a link between foreign ownership and innovation, with the balance of evidence suggesting that externally-owned firms are generally more likely to be innovative than indigenously-owned firms in terms of both products (Harris and Trainor, 1995; Love and Ashcroft, 1999) , and their adoption of new process technologies (Hewitt-Dundas et al., 2002) . Thus, not only may innovators be different from non-innovators in terms of their organisational or internal capabilities aside from innovation, but externally-owned plants may be different from indigenously-owned plants partly as a result of innovation performance, complicating the innovation-profitability relationship.
In this paper we consider the relationship between innovation and profitability for a large sample of manufacturing plants in Ireland and Northern Ireland. The economies of both Ireland and Northern Ireland are heavily weighted towards externally-owned enterprises with, for example, 50.5 per cent of employment and 81.9 per cent of value added being accounted for by externally-owned firms in manufacturing and tradable services in Ireland in 2005 (Forfás, 2006 2 . So, in order to allow for these differences, we consider not only the link between innovation and profits but do so separately for innovators and non-innovators, and for indigenously-owned and externally-owned plants 3 . Because of the tendency for considerable enterprise-level heterogeneity in performance even within industries (Bartelsman and Doms, 2000; Goddard et al., 2006) , we also consider the determinants of innovation over the distribution of plantlevel profitability, and find that the determinants of profitability -including the impact of innovation and external ownership -vary over the distribution from low to high profitability plants. Our analysis also provides support for the view that innovators have different capabilities from non-innovators, and that it is these 2 The extent of externally-owned productive capacity in Northern Ireland is less clear with published figures identifying 724 foreign-owned firms operating in Northern Ireland in 2005 (DETI, 2005) . Around a third of these plants are owned by firms with headquarters in Ireland and a further quarter by US firms. No figures are published, however, for the number of plants in Northern Ireland owned by UK firms with headquarters in other regions (see Hewitt-Dundas et al., 2005 for a more detailed discussion). capabilities, rather than innovation per se, that explains their superior profitability. In addition, however, we find that externally-owned plants have a quite different set of profitability determinants from indigenously-owned plants, and that this is not related directly to innovation being conducted in the Irish plant.
Linking ownership, innovation and profitability: empirical evidence
This section briefly reviews the empirical evidence on the three sets of relationships that are relevant to the present research: the link between innovation and profitability; the link between external ownership and performance; and finally the link between external ownership and innovation.
Innovation and profitability
A considerable empirical literature has considered the link between R&D inputs, innovation and firm profitability. The consensus is overwhelmingly of a positive relationship, but with some debate about the precise nature of the relationship.
Using UK firm-level data from 1972-83, Geroski and Machin (1992) and Geroski et al. (1993) find that there are positive effects of firm-level innovation on profits, but these are relatively small and transitory. Indirect effects are larger and more long lasting: that is, it is the process of innovation that really matters for profitability (i.e. the transformation of internal capabilities), rather than individual innovations. The fact that innovators persistently earn higher profits than non-innovators are a result of three components: a small, transitory difference associated with the production of specific innovations; a substantial permanent difference (improved capabilities though the process of innovating); and a large cyclical component (non-innovators' profit margins are more sensitive to trade cycle than those of innovators).
Subsequent studies have built on this work, particularly on the idea that the process of innovation helps build the internal capabilities of firms. Another UK study, this time for the period 1988-92, also finds that innovators are persistently more profitable than non-innovators, and that the gap is greater between persistent innovators and non-innovators. (Cefis and Ciccarelli, 2005) . Cefis and Ciccarelli (2005) also find that innovation has a positive effect on profitability which decreases over time (i.e. there is a decay effect). Using data for Finnish manufacturing firms, Leiponen (2000) is able to assess the profitability of both process and product innovation, and finds that process innovation has a positive effect on profitability, while product innovation has a negative effect. Leiponen also finds that the profitability of innovators and noninnovators are determined by different factors, with competencies built on knowledgebased factors being much more important for innovators.
Canadian data appear to confirm the positive relationship between R&D/innovation and profitability. Using data on 278 quoted Canadian companies, Hanel and St-Pierre (2002) find that firm-level R&D capital has a positive (but lagged) effect on profitability, and that this is especially strong in sectors in which the firm is able to appropriate the results of its own R&D activity i.e. where there is effective patent protection. This latter finding raises the issue of whether the persistently higher profits of innovators relative to non-innovators arises because firms introduce new products which are somehow protected from the competition which normally erodes such profits (an anti-competitive effect) or because firms successfully introduce multiple innovations over time, and so are able to maintain high profits although the profit effect of any individual innovation is transitory (an innovation effect). Roberts (1999) specifically examines these competing explanations for US pharmaceutical firms from 1977 to 1993, and finds strong support for the latter effect: US pharmaceutical firms are adept at bringing forward a conveyor belt of new products each of which provides only a temporary monopoly position, but which collectively provide persistently high profits at the firm level. There is little support for the anti-competitive hypothesis in this sector: however, there may be some doubt about the generalisability of Roberts' findings. The pharmaceuticals industry is one largely predicated on the continuous search for new products, which is not a feature of other industries. For example, using a large database of innovations over the period 1945 -82, Geroski et al. (1997 look for evidence of 'dynamic economies of scale' i.e. the possibility that increases in the volume of innovations produced by a firm in one time period increases the likelihood that it will continue to innovate subsequently.
They find very little evidence that innovative activity is self-sustaining: it is very rare for firms to innovate persistently, and even the ones that do so do not innovate over long periods.
External ownership and performance
There is strong theoretical and empirical evidence of a positive link between external ownership and economic performance. The traditional starting point for considering the determinants of foreign direct investment (FDI) from the perspective of the firm involves the assumed possession of some competitive or 'ownership' advantage, often knowledge-based. The public good nature of these firm-specific assets may make international exploitation of the advantage by contractual means hazardous, thus giving an incentive to engage in FDI (Buckley and Casson, 1976; Dunning, 1988; Horstmann and Markusen, 1996) .
The consensus of the empirical literature supports the view that externally-owned plants are more productive than their indigenous counterparts, even within advanced industrialised economies (Caves, 1996; Oulton, 2001; Griffith et al., 2004) . There are a few caveats, however. Globerman et al. (1994) , for example, find that multinationals in Canada are not significantly more productive than Canadian domestically owned firms after controlling for capital intensity and size, hence they suggest that the superior performance of externally-owned plants is due to their high capital intensity and large size. Driffield and Girma (2003) find that although externally-owned firms in the UK are more productive, they pay higher wages to an extent that outweighs the productivity advantages.
A substantial body of academic research has recognized and documented the contribution of multinational firms to the Irish economy (e.g. Barry and Bradley, 1997; Love and Roper, 2001; Strobl, 2002, 2003; Girma et al., 2004; Cassidy et al., 2005) . For example, Cassidy et al. (2005) analyse productivity determinants using Irish plant-level survey data over 1999-2002 for plants with at least 10 employees. They find that both domestic and foreign-owned exporting plants tend to be more productive (in TFP terms) than their non-exporting counterparts, with the results being stronger for foreign firms than domestic ones. And, Girma et al. (2004) compare the productivity of purely domestic plants, domestic exporters and domestic multinationals in Ireland, and finds evidence that the distribution of performance of domestic multinationals dominates that of the other groups 4 .
External Ownership and Innovation
Conceptually, the literature on the link between external ownership and innovation suggests the effect could be positive or negative, depending on whether the beneficial effects of access to group resources outweigh the potentially detrimental 'branch plant' effect. Externally-owned plants may have access to technological resources such as access to large-scale R&D facilities operated by the parent, or to proprietary knowledge developed by the parent (Brugger and Stuckey, 1987) 5 . Alternatively, access may be available to a wide range of non-scientific resources such as finance, an international marketing organisation through which new products can be diffused, or through patenting or other support functions. On the other hand, the 'branch plant' literature suggests that externally-owned plants are less likely to have in-situ R&D facilities on which innovation crucially depends. For example, early work by Malecki (1980) and Howells (1984) suggest that the location of R&D is likely to be heavily influenced by corporate decisions, with basic scientific research, for example, typically assumed to be the most scale-intensive activity and therefore more likely to be centralised by the parent company than applied research and development work.
The limited empirical evidence on this issue appears to suggest that, on balance, a positive effect of external ownership on innovation is likely. Harris and Trainor (1995) concludes that externally-owned plants in Northern Ireland are more likely to innovate, at least in part because they devote more resources to R&D. This conclusion is supported by Love et al. (1996) and Love and Ashcroft (1999) , who find evidence that foreign-owned manufacturing plants in Scotland (but not other UK-4 Note, however, that this may be more an issue of multi-nationality than of foreign ownership. 5 The evidence suggests that Ireland benefits disproportionately from this type of inward knowledge or technology transfer. OECD provides figures on the Technology Balance of Payments (TBOP) which reflects the balance of inward and outward knowledge transfer through patents, licensing etc. Countries such as Finland and Denmark with historically higher levels of business and university R&D both have small positive TBOPs (c. 0.1 per cent of GDP) while Ireland has a TBOP deficit (i.e. net inward transfer) equivalent to 10.5 per cent of GDP. owned plants) are more likely to innovate than their indigenous counterparts. In an analysis of innovation among UK, German and Irish manufacturing plants, Love and Roper (2001) find that external ownership generally has a negative effect on innovation intensity (number of innovations per employee); in Germany and Ireland, however, external ownership is positively associated with innovation success (the proportion of sales attributable to new products). The implication is that although plants which are externally owned tend to make relatively fewer innovations than indigenously owned enterprises, these innovations are typically more successful commercially.
The consensus from these three separate strands of literature appears to be as follows.
First, innovation is positively linked to profitability, although the precise nature of the relationship is unclear. Secondly, externally-owned enterprises generally perform better than domestically-owned enterprises (although this is not always the case), and Ireland has benefited considerably from the employment and spillover effects of this superior performance. And finally, externally-owned plants are more likely to innovate, but may not innovate more, than indigenous plants. What is not clear from the literature is how these influences interact: specifically, we understand little of how the superior performance of externally-owned plants is directly linked to their innovation activity, or how the superior performance of innovators is moderated by the influence of external ownership. In the empirical work below we attempt to tackle these issues.
Empirical Model, Data and Estimation
The empirical model follows the standard literature in using a simple market structure-firm performance model augmented by indicators of innovation and ownership and other characteristics which are known to be linked to profitability such as plant vintage and capital intensity (Geroski et al.,1993; Leiponen, 2000) .
This suggests a basic model of the form:
where π i is profitability (i.e. return on sales) of plant i at time t, M jt is a set of indicators of market structure, I it is a set of innovation indicators, O it is a set of plant ownership variables, and C it is a set of plants' other characteristics.
Our empirical analysis is based on data from the Irish Innovation Panel ( given in Table 1a .
The set of market structure variables (M jt ) comprises three elements. The first is a Herfindahl index measured by the sum of squares of plants' market share in terms of sales in each two-digit industrial sector (j) in each wave of the IIP survey (HHI). The second market structure indicator is a measure of the average innovation intensity of the two-digit sector of which the plant is part (measured as the mean proportion of total sales derived from products newly introduced in the last three years). And finally, we employ a series of two-digit dummy variables to capture other sectoral variations such as appropriability conditions. Economically and statistically, the concentration measure proxied by HHI captures different information from the set of industrial dummies (see Appendix Table A2 ).
Innovation (I it ) in the IIP is represented by three main variables. The first two are binary indicators of product innovation and process innovation 7 . Over the whole 6 Details of each wave of the survey can be found in Roper et al. (1996) , Roper and Hewitt-Dundas (1998) , Roper and Anderson (2000) , Roper et al., (2004) . 7 For this variable a product (process) innovator was defined as an establishment which had introduced any new or improved product (process) during the previous three years. sample, 62.5 per cent of plants were product innovators while 59.2 per cent were process innovators (Table 1) . Notably, however, the overlap between the group of product and process innovators was not complete: around 70.2 per cent of product innovators were also process innovators, with 75.3 per cent of process innovators also being product innovators. The final innovation output measure is the proportion of plants' total sales (at the end of each three year period) derived from products newly introduced during the previous three years. This variable -'innovation success'reflects not only plants' ability to introduce new products to the market but also their short-term commercial success. On average, 15.1 per cent of plants' sales were derived from new products across the IIP ( indigenously-owned plants to be innovators, illustrating the links between innovation and external ownership. However, there is no evidence of profitability differences between the groups: indeed the mean profitability is almost identical between the different groups, although with a large degree of heterogeneity in profitability performance.
Two main econometric issues arise in operationalising equation (1): potential endogeneity of the innovation output measures, and heterogeneity in performance outcomes. The potential endogeneity of innovation output measures in models of business performance has been discussed extensively in the literature, and a range of potential approaches have been adopted including two-stage estimation methods (e.g. Crépon et al., 1998) and the simultaneous estimation of the innovation and augmented production functions (e.g. Lööf and Heshmati, 2002) . However, here we have adopted a simple panel regression estimation approach, the reasons for which are twofold.
First, in conceptual terms, we have argued elsewhere that the relationship between an innovation event and its successful exploitation is essentially recursive (Roper et al., 2006) : innovation output measures are necessarily predetermined prior to exploitation -the innovation cannot be exploited until it has been introduced. 8 Secondly, the IIP incorporates a built-in lag between innovation and performance, with profitability at time t being related to innovation over the previous three years.
In terms of heterogeneity, it is clear that very large variations can exist in business performance, and especially in profitability, across sectors. Recent studies of firmlevel performance have documented the large and persistent heterogeneity across firms even within fairly narrowly defined industries (Bartelsman and Doms, 2000; D'Este, 2005; Goddard et al., 2006) , and this is apparent in the profitability statistics shown in Table 1 Girma and Görg, 2005) , methods such as quantile regression have been used to deal with this problem (Koenker and Bassett, 1978) . Quantile regression allows one to trace the entire conditional distribution of plant level productivity, conditional on the set of regressors, and has the additional advantage of providing a more robust and efficient alternative to least squares estimators when the error term is non-normal.
This is relevant in the present case as plant-level profitability is clearly not (log)normally distributed either for the sample overall or for its subsets (see Appendix). In the analysis below we therefore employ quantile regression in addition to the standard panel regression estimation.
Results of Estimation
The initial estimations (Table 2) In column 2 the product innovator dummy variable is interacted with the external ownership dummies, which throws the US/non-US ownership issue into sharper focus. There is a large significant and negative interaction between innovation and non-US ownership which is larger than the coefficient on product innovation itself,
indicating not only that non-US innovating plants are less profitable than other innovators, but that the innovation 'premium' is entirely lost for non-US foreign plants Quantile regression estimations (Table 3) the direction of this effect (e.g. Greenaway and Kneller, 2004) . Workforce qualifications and employment also demonstrate significant effects on profitability for plants at different parts of the distribution of profitability.
The models outlined in Tables 2 and 3 provide clear evidence of a (product) innovation effect on profitability, but the question remains of how this occurs. Is it a direct innovation effect or does it occur because innovators are different from noninnovators in terms of other capabilities, and so have fundamentally different profitability determinants? And, if this is the case, given the link between ownership, innovation and profitability indicated by Table 2 , are externally-owned innovators different in some way from indigenously-owned innovators?
To tackle the first of these issues Table 4 shows profitability estimations conducted separately for innovators and non-innovators 9 . In the case of non-innovators a Breusch-Pagan test indicates the appropriateness of a random effects model, but the pooled model results are also shown for comparison. The determinants of profitability are quite different. For non-innovators, the key determinant of profitability is the industry -little else matters. There is some suggestion of a size effect, and older plants tend to be more profitable than younger ones, but position in the market matters little; broadly, these plants are swept along by the industry achieving levels of profitability which appear not to differ systematically from industry average levels.
For innovators the situation is quite different. For these plants market share and the concentration of the market in which they operate are key influences on profitability:
by contrast industry effects are very slight. So innovators are able to insulate themselves to some extent from market influences: where you are in the market matters more than what market you are in, while the reverse is true for noninnovators. The boost from product innovation is again apparent: even relative to other innovators (i.e. process innovators), plants which are product innovators have higher profitability.
The suggestion is therefore that innovators have different determinants of profitability from non-innovators, and that this does not arise merely from the fact of being an innovator. This in turn lends prima facie support for the findings of Gersoski et al. 9 An innovator is defined as any plant introducing at least one product or process innovation during the period of study.
(1993) and Leiponen (2000) that innovators and non-innovators differ in ways that are linked to the transformation of capabilities provided by the process of innovating rather than directly to the quasi-monopoly effects of individual innovation events.
However, for the present sample this apparent difference between innovators and noninnovators may disguise more than it reveals. Approximately 60 per cent of innovators in the sample are externally-owned, and so what appears to be a difference between innovators and non-innovators may actually be an issue of external versus indigenous ownership.
To examine this in more detail we are able to split the sample further between indigenously-owned non-innovators, indigenously-owned innovators and externallyowned plants. Ideally it would be desirable also to perform separate estimations for externally-owned innovators and non-innovators, but as almost all externally-owned plants are innovators there are insufficient observations to perform these estimations separately. Results of the panel estimation are shown in Table 5 and are striking. For indigenous non-innovators only the sector matters. Profitability in these enterprises is dictated largely by the sector they are in, with plants having virtually no means of differentiating their profitability from the norms of the sector. Such plants also suffer if they are located in a high-innovation sector (the coefficient on mean sectoral innovation is negative and significant). This is as one would expect; indigenous noninnovators lose market share to innovators in innovation-intensive sectors, and are less profitable as a result.
By contrast, indigenously-owned innovators are able to differentiate their profit performance from sectoral norms to some extent. Absolute size matters (negatively) and they get a strong boost from product innovation, but having a high market share does not matter for the profitability of indigenously-owned innovators. Indigenouslyowned innovators in Northern Ireland are less profitable than those in Ireland: this is not the case for non-innovators. Therefore indigenously-owned plants have greater profitability if they are relatively small and labour intensive product innovators operating in Ireland, suggesting the benefit of being a small, nimble niche operator which is prepared to introduce new products.
Externally-owned plants have a quite different set of profitability determinants from both indigenously-owned innovators and non-innovators (Table 5 , third column).
What matters for these plants is not the boost they get from innovating (there is none) but instead their position in the domestic market. These plants reap profits by having a high market share, and by avoiding markets which are highly concentrated. Other sectoral influences are entirely absent in the case of externally-owned plants:
moreover, the choice of industrial sector does not determine their level of profitability, as it does for indigenously-owned non-innovators (wholly) and even partly for indigenously-owned innovators. In this estimation it is also clear that USowned plants are more profitable than UK or other non-US owned plants 10 .
Quantile regression results for each of these sub-samples are shown in Tables 6, 7 and 8 respectively. In the case of indigenously-owned non-innovators (Table 6) (Table 7) . The employment and capital intensity effects are restricted to plants in the upper parts of the distribution, while the monotonically declining effect of product innovation with respect to the profitability distribution first noted in Table 3 is shown here to be a phenomenon linked only to indigenously-owned innovators. For externally-owned plants ( Table 8 ) the quantile regressions show that the positive link between exporting and profitability noted earlier among the most profitable plants is entirely related to non-indigenous plants (there is no corresponding effect evident in Table 7 ), while the positive US-ownership effect is restricted to plants below median profitability.
The main empirical conclusion of the estimations in Tables 5 to 8 is that the determinants of innovators' profitability are different from those of non-innovators even among indigenously-owned plants, and that externally-owned plants are totally different from both. Externally-owned innovators (effectively the same as the group of externally-owned plants) are not at all like indigenous innovators: they behave entirely differently and are subject to different profitability determinants. These results also highlight that some of the apparent differences between innovators and non-innovators shown in Table 4 are actually ownership rather than innovation issues, notably the importance of market share and concentration, and the role of product innovation. Indigenously-owned innovators, especially those at the lower end of the profitability distribution, obtain a very large profitability boost from being innovators which is not shared by their foreign counterparts, an effect which is hidden when a simple innovator/non-innovator split is made.
Conclusions
Although there is a substantial body of literature on the link between innovation and profitability, there is very little evidence on the inter-relationship between innovation, ownership and profitability. The present analysis therefore sheds further light on, for example, the differences between innovators and non-innovators.
Our results suggest that, in profitability terms, innovators are not simply plants that innovate: their level of profitability is subject to different determinants from those of non-innovators. Innovators are able to insulate themselves from market forces to some degree, at least part of which is because of innovating. However, the fact that product innovation per se has a negligible effect on the profitability of indigenous innovators at the upper end of the profitability distribution supports the view that it is not the quasi-monopoly rents of innovation which distinguishes the most profitable innovators from the rest, but the fact that these plants have capabilities or competences which others lack. These capabilities may be linked the process of innovation, but they are unlikely to be solely related to innovating. There is thus support for the view of Geroski et al. (1993) and Leiponen (2000) that innovators are different from non-innovators, but the quantile regression results appear to provide little support for the view of Roberts (1999) Wrynn (1997) which emphasised the lack of interaction between externally-owned plants in Ireland and the nation's innovation system.
In policy terms our results suggest both optimistic and cautionary messages. On the positive side our results suggest that efforts to promote innovation activity among indigenously-owned plants are likely to have significant longer term benefits through their capability effects. This may not lead to persistent innovation (e.g. Roper and Hewitt-Dundas, 2005) but does seem likely to be leading to behavioural additionality or learning effects (e.g. Buisseret et al., 1995) Ireland will draw more strongly on the Irish innovation system remains to be seen. 
Appendix: Normality tests

